Background Lateral center-edge angle (LCEA), originally described and validated on AP radiographs, has been used increasingly in CT-based studies, but it is unclear whether the measure is reliable and whether it correlates with that on AP radiographs. Question/Purposes We therefore determined: (1) the interobserver and intraobserver reliabilities of the LCEA measured on AP radiographs; (2) the interobserver and intraobserver reliabilities of the LCEA measured on CT scans; and (3) the intermodality correlation of the LCEA between CT and AP radiography. Methods We reviewed the AP radiographs and CT scans of 22 patients treated for slipped capital femoral epiphyses.
Introduction
The lateral center-edge angle (LCEA), first described by Wiberg in 1939 [26] , continues to be used to quantify superolateral femoral head coverage [6, 9, 15, 16, 20, 25] . Traditionally, the LCEA has been measured on AP radiographs for quantification of acetabular dysplasia with angles less than 20°considered to indicate dysplasia [17, 18, 25] . Furthermore, surgeons have used the LCEA as an assessment parameter of acetabular over-coverage as found in femoroacetabular impingement (FAI) associated pincer morphology, and defined angles greater than 40°to be abnormal [6, 15, 20, 24] . Despite the inherent increased exposure to radiation, CT assessments of abnormal morphologic features in FAI are reportedly useful in preoperative assessments and planning, and for intraoperative decision-making and performing surgery [12] . Consequently, the LCEA measurement (described and validated on AP radiographs) is being measured Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research editors and board members are on file with the publication and can be viewed on request. Clinical Orthopaedics and Related Research neither advocates nor endorses the use of any treatment, drug, or device. Readers are encouraged to always seek additional information, including FDA-approval status, of any drug or device prior to clinical use. Each author certifies that his or her institution approved the human protocol for this investigation and that all investigations were conducted in conformity with ethical principles of research. increasingly on CT scans [2, 8, 10, 12, 13, 21] . However, the use of these measures in CT have not been tested for interobserver or intraobserver reliability or correlated to the LCEA on AP radiographs. In addition, unlike a single biplanar image seen with AP radiographs, a coronal CT involves multiple coronal slices through the acetabulum. Consequently, it has not been well established regarding which coronal slice should be used on CT scans to measure the LCEA and the technique to identify this slice. This makes LCEA findings on CT scans difficult to conduct, interpret, and/or compare with the extensive literature findings of the LCEA on AP radiographs [6, 9, 15-18, 20, 25] .
Recent advances in imaging software now enable postprocessing digital reformatting of CT images. This allows for potential opportunistic use of abdominal CTs performed for patients with nonorthopaedic abdominal complaints to be reformatted into standard pelvic CTs, which potentially can provide invaluable data on morphologic features of the hip in a population without orthopaedic complaints [9, 14] . A well-documented technique and an understanding of the correlation and reliability of LCEA measurements on CT scans to AP radiographs would increase the impact of this potential untapped data resource.
We therefore determined: (1) the interobserver and intraobserver reliabilities of the LCEA that is measured on AP radiographs; (2) the interobserver and intraobserver reliabilities of the LCEA that is measured on CT scans; and (3) the intermodality correlation of the LCEA between CT scans and AP radiographs.
Patients and Methods
After institutional review board approval, we reviewed our database of 33 patients with slipped capital femoral epiphysis (SCFE) and identified 22 who had AP radiographs and CT scans of the pelvis. We excluded one patient with bilateral SCFE. There were nine female patients and 13 male patients in the cohort. The average age of the cohort was 13 years (range, 10-16 years).
Standard AP radiographs were taken of patients with suspected SCFE by a board-certified radiographer, with the patient supine and positioned four feet (120 cm) from the X-ray machine (40-125 kVp range, Sociedad Española de Electromedicina y Calidad [SEDECAL] IDEAL, SHF 520, SEDECAL). Using Advantage Workstation 4.3 software (General Electric Co, Fairfield, CT, USA), each pelvic CT scan was temporarily reconstructed, three-dimensionally, to standardize the position of the pelvis with a neutral pelvic tilt and inclination and then reconstructed to 2-mm thickness standard axial and coronal slices [1] .
Through a chart review and radiographic assessment (including Kline's line) we determined which hip was unaffected. This information was provided to three independent reviewers, including one pediatric musculoskeletal radiologist (PK), who measured the LCEAs on the patients' unaffected hips on AP images and CT scans. On the AP radiographs, the LCEAs were measured with the following method ( Fig. 1 ): (1) To account for pelvic inclination, a line was drawn connecting the right and left ischial tubercles; (2) a perfect-circle clear plastic disc was placed directly on the computer screen ( Fig. 2 ). Using the zoom function, the femoral head was enlarged until the perfectcircle clear plastic disc matched the femoral head contour. The central hole found in the perfect-circle clear plastic disc was used to find the center of the femoral head; then (3) a line from the center of the femoral head that was perpendicular to the line drawn in Step 1 and a line from the center of the femoral head to the most lateral point of the acetabulum were drawn. The angle between these two lines represented the LCEA.
Using CT, the LCEA was measured with the following method: (1) The coronal image that correlated with the center of the acetabulum on the axial slice was identified (Fig. 3A); (2) the perfect-circle clear plastic disc was placed on the screen to find the center of the femoral head; then (3) with the pelvic CT scan in a neutral position, a vertical line from the center of the femoral head was drawn. An additional line was drawn from the same starting point to the lateral-most point of the acetabulum. The angle between these two lines represented the LCEA (Fig. 3B) .
Each evaluator first conducted LCEA measurements on either CT scans or AP radiographs for the entire cohort. In 2 weeks LCEA measurements on the opposite modality (CT or AP) were conducted. Evaluators were blinded to the Fig. 1 The method for measuring the LCEA on an AP radiograph is shown. The dotted circle represents where the perfect-circle clear plastic disc would be placed to find the center of the femoral head. The arrow points to the line representing the pelvic inclination, found by drawing a line that connects the right and left ischial tubercles. other evaluators' findings and their own findings for the first modality. One evaluator (SM) repeated the measurements in 2 weeks to assess intraobserver reliability.
Intraobserver and interobserver reliabilities for each measure were assessed using intraclass correlation (ICC) analysis. ICC has a range between 0.0 and 1.0, with values closer to 1.0 representing stronger agreement. We used the two-way mixed model (absolute agreement), as the evaluators in this study were not randomly selected and were measuring identical radiographs. All statistical analyses were conducted using SPSS software (Version 12.0, IBM1, Chicago, IL, USA).
Results
The interobserver ICC for the AP radiographs was 0.84 (95% CI, 0.70-0.92) (p \ 0.001). The intraobserver ICC for the AP radiographs was 0.96 (95% CI, 0.91-0.98) (p \ 0.001).
The interobserver ICC for the CT scans was 0.88 (95% CI, 0.68-0.95) (p \ 0.001), and the intraobserver ICC for the CT scans was 0.98 (95% CI, 0.95-0.99) (p \ 0.001).
The overall intermodality ICC for the CT scans and AP radiographs was 0.79 (95% CI, 0.61-0.87) (p \ 0.001). The mean difference and standard error were 3.03 and 0.42, respectively. The intermodality ICC for evaluator one was 0.89 (p \ 0.001), for evaluator two was 0.75 (p \ 0.001) and for evaluator three was 0.74 (p \ 0.001).
Discussion
More than 70 years after its creation, the LCEA continues to be an important tool in assessing superolateral femoral head coverage [26] . With the increasing use of advanced imaging, including CT for preoperative planning and diagnosis [12] , the adaption and validation of new methods for LCEA measurement are essential to its continued use for diagnostic and treatment-planning purposes. We therefore determined: (1) the interobserver and intraobserver ICCs of the LCEA measured on an AP radiograph;
(2) the interobserver and intraobserver ICCs of the LCEA measured on a CT scan; and (3) the intermodality correlation of the LCEA between CT scans and AP radiographs.
Several limitations were apparent in this study. First, the patient cohort was comprised of pediatric patients with SCFE and open physes, which potentially increased the difficulty and variability in measuring the LCEAs. To address this, only patients with unilateral SCFEs were included, and we measured the LCEA only on the unaffected hip. This cohort was specifically chosen since we had a group of patients with SCFE in our practice who had plain radiographs and CT scans. 3A-B (A) The method for identifying the coronal CT slice to measure the LCEA is shown. The coronal slice, corresponding to the center of the acetabulum on the axial slice, is identified (dotted line) by taking half the distance (1/2D) from the anterior rim of the acetabulum to the posterior rim of the acetabulum (D). (B) The method for measuring the LCEA on the coronal CT slice that was identified in illustration A is shown. The dotted circle represents where the perfect-circle clear plastic disc would be placed to find the center of the femoral head. A second limitation stems from the recent widespread adoption of digital radiography, with the unavoidable variation of viewing software. This has inadvertently led to inconsistencies in measurement software tools. Various radiographic measurements, including the LCEA, require a perfect circle function to find the center, or identify the contour of the femoral head, which is not available at our institution [7, 24] .
To address this limitation, we used a perfect-circle clear plastic disc to find the center of the femoral head. Although practical and seemingly intuitive, to the best of our knowledge this has not been reported yet. However, the perfect-circle clear plastic disc method was used consistently by all the reviewers on CT scans and AP radiographs, and, therefore, was not a factor in the comparison of measurements made in our study. We found an interobserver ICC of 0.84 and intraobserver ICC of 0.96 for measuring the LCEA on AP radiographs. In comparison, the interobserver ICCs reported in the literature range from 0.51 to 0.96 and the intraobserver ICCs range from 0.77 to 0.97 (Table 1) [3, 4, 6, 9, 11, 16, 19, 20, 22, 23] .
The slightly greater ICC we observed for CT scans versus AP radiographs may be attributable to the less ambiguous lateral point found on a CT slice, and the standardization of the pelvic tilt and inclination of the CT scans. In addition, the interobserver and intraobserver ICCs indicated a reasonable reliability of the method in finding a specific coronal slice for evaluation. Despite the multitude of studies [2, 8, 10, 12, 13, 21] that have measured LCEAs on CT scans, only Heyworth et al. [12] conducted an interobserver reliability analysis, reporting an ICC of 0.78, and only Jacobsen et al. [13] conducted an intraobserver reliability analysis that reported an ICC range of 0.85 to 0.87.
The intermodality ICC of 0.79 indicated what we interpreted as reasonable reliability between measurements of LCEAs on CT scans and AP radiographs. Chen et al. [5] similarly observed that determining the LCEA was reliable when measured on MR images and reported a correlation between LCEAs on AP radiographs and on MR images. The intermodality ICC, coupled with the interobserver and intraobserver reliabilities, showed that an LCEA measured on a CT scan is reliable, feasible, and correlates well with LCEAs on AP radiographs.
As advanced imaging modalities (including CT and MRI) continue to be used for further assessments of coverage or morphology of the hip for improved understanding of femoroacetabular impingement, it will be important to use the data from this study to understand the reliability of indices, such as the LCEA, as we translate them from biplanar radiographs to information obtained from advanced imaging. 
